3GPP TSG-RAN WG2 Meeting #30
R2-021620
24th – 27th June 2002, Turin, Italy

Source:
Panasonic
Title: 
MAC-hs Flow Control in HSDPA and related signalling 
Agenda Item:
9.2.1 
Document for:
Discussion and decision  

Introduction

The problem of missing UE flow control has been discussed at RAN2#28. In [1] different methods to mitigate the problem are discussed, highlighting that fast feedback would be beneficial for HSDPA. Given burstiness of interactive traffic and fast scheduling capabilities in HSDPA, it is shown that RLC AM flow control is not sufficiently fast to alleviate these problems. For RLC AM it is not possible to stop a data flow on HS-DSCH and for RLC UM there is no mean of a flow control at all.  If there is not fast UE flow control the UE manufacturer will have to increase the UE buffer of higher layer and/or modify the CQI to reduce the data rate temporarily.

At RAN1 #25 it was agreed to leave a spare value in the Channel Quality Indicator (CQI) reporting tables [2]. In this document a simple solution for an effective UE flow control using the spare CQI value as a STOP command is proposed. The STOP signal is incorporated in the uplink signalling on the physical layer, while the decisions for generating and interpreting feedback information fields are made in the MAC-hs sub layer of UE and Node B respectively. With the proposed method it is possible to control different MAC-d flows/priorities independently. 
In [3], which seems to be agreed in principle, a variable rate channel quality indication is proposed. A UE would send a CQI each time it detects control information on the HS-SCCH. Before sending a STOP the UE should check the Queue ID in the MAC-hs header of the decoded packet to find out if the affected data flow has been transmitted or not. The Node B can know from the timing of the CQI which Queue shall be suspended. Thus with this method it would be possible to have a simple flow control for different MAC-d flows/priorities with almost no overhead. 

UE behaviour
Using STOP signal for flow control is especially important if there are more than one data flow for a UE. The data flow to different external devices is generally uncorrelated and may depend different parameters (e.g. interference on the radio link in case of Bluetooth). By suspending the stalled data flow temporarily the UE could increase the throughput on the other data flows. 

The time instance at which the STOP signal can be sent depends on CQI cycle, CQI offset and the CQI repetition factor [4]. The minimum inter_TTI interval for all categories of UEs falls between 1 and 3 will be considered as well from the and CQI reporting.  In [3] it has been proposed to adjust measurement reporting frequency to downlink activity, i.e. if a control information for a particular UE has been detected on the downlink HS-SCCH, that UE shall transmit the CQI in the subsequent subframe of the  uplink HS-DPCCH. To provide a unique identification of a data flow that shall be stopped in the Node B, it is necessary that the time distance between the STOP signal  and any previous  CQI report  is less or equal to the minimum inter_TTI interval. Mention that one MAC-hs PDU transmitted per TTI can only contain MAC-d PDUs with the same priority and from the same MAC-d flow.  The timing relation between these channels is illustrated in the Figure 1.

Prior to receiving any data on HS-DSCH, UE first decodes some control information on the HS-SCCH.  Then a packet is transmitted on the HS-DSCH with a predefined time offset of 2 slots [5] . After successfully decoding the packet the UE can check the Queue ID of the MAC-hs header to find out what data flow has been transmitted.  The UE only sends a STOP command if the PDU belongs to the MAC-d flow that shall be suspended. The time offset of HS-DPCCH transmission is set to 7.5 slots plus variable time interval corresponding to the value from 0 to 255 chips.  ACK/NACK and CQI report (possibly STOP signal) are then transmitted on HS-DPCCH. If a STOP signal is send on the HS-DPCCH it relates to the same HSDPA TTI as the ACK/NAK signal that is transmitted a slot before. 

In case that a STOP signal is send the Node B will loose a CQI report. The most likely scenario for a buffer overflow seems to be that a UE is scheduled for several consecutive TTIs with a high rate. In this case it can be assumed that the UE has a good channel condition and thus continuous CQI reporting is not essential. 


Figure 1: Timing  structure for HSDPA control signalling.

Node B behaviour 

Since the behaviour of the scheduler is not specified the Node B is not mandated to stop transmission after having received a STOP signal. In a loaded cell it will surely be beneficial to consider a received STOP signal and to schedule other data flows of that UE or other UE’s instead. Nevertheless high priority data such as DCCH signalling can be sent without delay.  

If a STOP signal has been received the Node B could start a timer and could suspend transmission (of one or more MAC-d  flows) temporarily in favour of other data flows or other UEs. After a predefined time it can be assumed that the UE is able to process data of that data flow again. After expiry of the timer, the Node B could  also probe the UE if data for that data flow can be scheduled again. This could be done by allocating little resources (codes or time slots) to the UE or by sending a “dummy” packet containing zero transport block size. In case the situation is not yet resolved the UE will respond with another STOP command.  By applying probing Node B will get to know when data sending towards UE may be continued. The procedure is illustrated in the Annex 1. 

Impact on Specification 

There will be almost no impact on specification, because the STOP signal would be part of the CQI signalling. The basic behaviour how a UE may use the STOP signal should be described in the MAC specification. The decision for generation and interpreting the feedback information is done at MAC-hs layer, while the CQI table itself is part of the RAN1 specification. 

Conclusions
A simple solution for an effective UE flow control using the spare CQI value as a STOP command to control different MAC-d flows independently has been presented. It is proposed that the UE may send a STOP command each time it receives data that higher layer may not able to process. If CQI transmission during HS-DSCH activity is configured the affected MAC-d flow can be identified. It is proposed to send a Liaison Statement to RAN1 to ask to use the spare CQI value as STOP command.
This would allow the UE manufacturer to limit the size of application buffer as well as to avoid conflicts when the UE is connected to external devices. For the UTRAN it is beneficial to consider a received STOP signal for scheduling. The scheduler is able to select another data flow of that UE or schedule another UE that can process the data increasing end-to-end throughput and avoiding packet losses in the UE. High peak data rates for operating close to the UE capabilities (of higher layer and external interfaces) are possible.  
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Appendix 1: Node B – UE Flow Control Procedure
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